Epstein-Barr virus (EBV) infection is common in adolescence, but fulminant infection is very rare. A 40-year-old man presented with high fever and sore throat. Symptoms, including cervical lymphadenopathy, jaundice, atypical lymphocytosis, respiratory distress and oliguria, suggested infectious mononucleosis with multiple organ failure that required mechanical ventilation and renal replacement therapy. Virus markers were consistent with primary EBV infection. Renal function was gradually improved by corticosteroid therapy. Renal biopsy revealed acute tubulointerstitial nephritis. In situ hybridizaion EBV-encoded RNA 1 did not show the presence of virus in the kidney, but acute kidney injury may be explained by cytotoxic/suppressor T lymphocyte infiltration,
Introduction
Infectious mononucleosis due to Epstein-Barr virus (EBV) is common in adolescence and generally has an excellent prognosis. Fulminant infection, by contrast, is very rare. Associated with this are some published reports of fatal complications such as secondary hemophagocytic lymphohistiocytosis, hepatic failure, lymphoproliferative disorders and acute kidney injury (AKI) (1) .
We present here a case of fulminant infectious mononucleosis with AKI in a previously healthy man. Our case did not have hemophagocytosis, but multiple organ failure occurred abruptly. Oliguric AKI, caused by biopsy proven acute tubulointerstitial nephritis, necessitated renal replacement therapy.
Case Report
A previously healthy 40-year-old Japanese man presented to a local clinic with sudden onset of high fever, sore throat and anorexia in May 2010. He was diagnosed with tonsillitis and oral antibiotic (cefditoren pivoxil) was prescribed but his condition worsened. He noticed bilateral swollen tonsils, cervical lymphadenopathy and jaundice. Five days later, he was admitted to a local hospital where he was administered flomoxef sodium and clindamycin. However his general conditions worsened with development of frequent watery diarrhea, arthralgia and myalgia. Laboratory data showed elevated total bilirubin (8.6 mg/dl) and increased serum creatinine (5.0 mg/dl) on the 4th hospital day. And a peripheral blood smear revealed atypical lymphocytosis. Infectious mononucleosis with multiple organ failure was suspected and he was transferred to our medical center on the same day.
Following a left femoral fracture about 10 years ago he received a blood transfusion. He did not take medications regularly, had no known allergies, and did not smoke, drink alcohol or use intravenous drugs. He denied any sexual intercourse with other than one steady partner. His mother had rheumatoid arthritis.
Physical examinations on admission showed an illappearing man. Height was 171 cm, body weight 91 kg, body temperature 38.6 , blood pressure 119/72 mmHg, heart rate 98 bpm with regular rhythm, and respiratory rate was 30/minute. Small erythematous eruptions were seen with a symmetrical distribution on his legs and trunk. Conjunctivae were pale and icteric. Cervical lymph nodes were enlarged bilaterally. Heart sounds were unremarkable. Coarse crackles were audible in both lung fields. Hepatosplenomegaly was present, the liver edge was palpable 2 cm below the right costal margin and was tender. There was bilateral pretibial pitting edema.
Laboratory data are shown in Table 1 . Atypical lymphocytosis was seen, and serum chemistries indicated renal insufficiency, hepatic failure and respiratory failure. Arterial blood gas analysis with 2 L/min oxygen by nasal cannula showed low partial pressure of oxygen but acid-base balance was compensated. Urinalysis showed only trace proteinuria and 1+ occult blood. Anti-hepatitis virus antibodies, cytomegalovirus antigenemia and human herpes virus 6 DNA were absent. Serum levels of EBV markers indicated primary EBV infection. Chest X-ray showed bilateral pleural effusion and hepatosplenomegaly was seen on abdominal ultrasonography and CT scan.
The presence of thrombocytopenia, hepatic dysfunction and rash seemed to be due to virus-induced hemophagocytic syndrome but bone marrow aspiration revealed no sign of hemophagocytosis. There was no neoplastic proliferation and CD8+ T lymphocytes were dominant in the bone marrow. Continuous renal replacement therapy and mechanical ventilation were required. Due to the multiple organ damage, we started corticosteroid therapy with prednisolone (80 mg a day) with 10 mg reduction every 3 days, according to a previously reported regimen (2). Jaundice and skin eruptions improved and urinary output gradually increased. After his vital signs had stabilized and ventilation support was discontinued, we performed renal biopsy on the 18th-hospital day to investigate the cause of AKI.
Many lymphocytes infiltrated the interstitial space among 20 normal glomeruli (Fig. 1 ). Immunofluorescence study was negative for IgG/A/M, C3c, C4, C1q and fibrinogen. Lymphocytes infiltrating the tubulointerstitial space were mostly CD3+CD8+ and CD68+ by immunoenzymatic staining (Fig. 2, 3 ). There were few CD3+CD4+ lymphocytes and very few CD20+ cells in the interstitium. Electron microscopy showed segmental effacement of foot processes and electron-microscopic sclerosis, but no immune deposits or virus particles. EBV-encoded RNA 1 (EBER-1) in situ hybridization staining for the detection of EBV was negative. The appearance of the biopsy suggested acute tubulointerstitial nephritis, which was thought to be associated with EBV infection.
On the 19th-hospital day, there was no longer any need for renal replacement. As the corticosteroid dosage was reduced, the serum EBV level gradually decreased. However, when corticosteroid therapy was stopped 14 days after initiation, fever and rash returned, suggesting that treatment had been insufficient and that live virus was still active. Restarting prednisolone (60 mg daily) for 2 weeks alleviated these symptoms. Prednisolone was then tapered by 10 mg daily every week until a maintenance dose was reached (15 mg daily). Serum creatinine level was stable but serum EBV DNA remained at several hundred copies per 10 5 cells (Fig. 4) . He was discharged in good condition and continued regular office visits for monitoring of blood EBV load.
Discussion
Infectious mononucleosis is characterized by the classical triad of pharyngitis, fever and lymphadenopathy (3). The diagnosis of a primary EBV infection rests upon one or more of the following serological criteria: 1) early detection and subsequent decline (if paired sera were examined) of anti-EBV VCA IgM, 2) 4-fold or greater rise of anti-EBV VCA IgG during the course of the disease, 3) transient anti-EBV EA IgG, 4) early presence of anti-VCA IgG concurrent with early absence and later emergence of anti-EBV NA IgG (4, 5) .
Although subclinical urinary abnormalities including hematuria and proteinuria have been reported in 11% of cases of infectious mononucleosis, Lee and Kjellstrand (6) reported acute renal failure to be very uncommon in patients with EBV infection with a prevalence of approximately 1.6%. The vast majority of cases showed tubulointerstitial nephritis.
Mayer et al reviewed 27 cases with EBV-associated renal failure, 12 of which had renal biopsy, and 10 of which showed tubulointerstitial nephritis (7). They found suppressor/cytotoxic T lymphocytes to be predominant in the interstitial infiltrates. Other rare conditions, such as acute rhabdomyolysis, minimal change nephritic syndrome, hemolytic anemia and hyperuricemia were also reported as related to EBV infection. Tsai et al (1) reported 8 of 165 hospitalized patients (4.8%) had EBV-related primary acute renal failure, all of which were diagnosed with primary EBV infection serologically, 5 of whom had renal biopsy that showed acute tubulointerstitial nephritis. Glomerular abnormalities such as immune-complex mediated glomerulonephritis, membranous nephropathy or minimal change nephritic syndrome have also been reported but are thought to be very rare (8, 9) .
After the review of Mayer et al in 1996 (7), we found only 10 EBV infection case reports which include histopathological findings from renal biopsy ( Table 2 ). Nine of them had tubulointerstitial nephritis, and one also had concomitant focal mesangial proliferative glomerulonephritis. The remaining one case was not diagnosed with tubulointerstitial nephritis, probably because it also had poststreptococcus acute glomerulonephritis. The present patient showed patchy infiltration by mononuclear cells in the interstitial space with tubular atrophy (Fig. 1) , which suggests acute tubulointerstitial nephritis.
Becker et al reported direct EBV infection in renal proximal tubular cells by in situ hybridization (ISH) in patients with idiopathic chronic tubulointerstitial nephritis (10) . In our case, ISH EBER-1 did not detect the presence of EBV in the interstitium, but the finding of tubulointerstitial nephritis matched the previous reports. In the present case, reactive tubulointerstitial nephritis seemed to be predominant. Symptoms of infectious mononucleosis are thought to be immunopathological, caused by cytokine secretion from the activated cytotoxic (CD8+) T lymphocytes. The present case had preceding antibiotics exposure and hypoxemia, so it is difficult to exclude these factors as a cause of tubulointerstitial changes. However, in the usual case of acute tubulointerstitial nephritis, including drug-induced nephritis, interstitial infiltrates are mostly CD4+ lymphocytes, macrophages, eosinophils and plasma cells (11) . The subtype of infiltrate is not specific but active cytotoxic (CD8+) T lymphocytes play a pivotal role in EBV-related acute tubulointerstitial nephritis. It is said that cytotoxic (CD8+) T lymphocytes recognizing several EBV antigens invade the peritubular interstitium to cause an antigen-directed cellmediated immune response (12) .
One of the clinical problems of infectious mononucleosis is the management of fulminant cases. Immunosuppressive medications such as corticosteroids have not been shown to be effective against this virus-associated tubulointerstitial nephritis, but concomitant hepatic and respiratory failure prompted us to administer high dose corticosteroid. We consider that corticosteroid was at least effective for the skin eruption and constitutional symptoms, because the overly rapid reduction of corticosteroid caused relapse of fever and rash. Corticosteroid may have a significant therapeutic role in a few selected patients with severe malaise, fever, severe central nervous system complications or cardiac disease. Hypercytokinemia may be related to the fact of whether corticosteroids are effective. Acyclovir does not seem to decrease EBV load and has had no clinical impact on the management of infectious mononucleosis. Acyclovir is reportedly effective for respiratory complications such as airway obstruction or pharyngitis, but more data are necessary to prove whether it is effective in the treatment of damage to other organs (11, 13, 14) .
Another interesting aspect of the present patient is whether he will have some future complications or sequelae after such a serious primary EBV infection attributable to the oncogenic property of this virus. Chronic active EBV infection syndrome (CAEBV) is known to be a serious feature of EBV infection and is characterized by chronic or recurrent infectious mononucleosis-like symptoms, abnormal anti-EBV antibody patterns and increased EBV load in the peripheral blood. Our patient is still positive for peripheral blood EBV DNA. Using DNA PCR analysis, Khan et al (15) reported that 10-460 per 10 7 EBV-infected B cells remained in the peripheral blood of 15 healthy but chronically infected individuals. We cannot determine whether the blood EBV DNA indicates infection in B cells or T/NK cells. However, we consider that the present case is the natural virological course because the linear logarithmic regression of his viral load suggests that he is already out of the lytic viral replication phase.
X-linked lymphoproliferative syndrome, in which primary EBV infection results in a fatal outcome, was recently shown to have a mutation in SH2D1A (the SH2 domaincontaining 1A gene). Although the present patient did not show erythrophagocytosis, cytopenia, hypogammaglobulinemia or lymphoma, this possibility still remains, so follow-up is necessary (16) .
In summary, we encountered a rare case of fulminant infectious mononucleosis with acute EBV-related tubulointerstitial nephritis as an interesting pathological feature. We are concerned about the possibility of progression to chronic active EBV infection or hematological malignancies, so careful follow-up of the EBV load is needed.
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